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UBURNGUT IMPULSE" MAY BE THRUST
MISALIGNMENT IN DISGUISE

Thomas W. Flatley**¥
Goddard Space Flight Center
Greenbelt, Maryland
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Iq = roll (or spin) moment of inertia
1-2-3 coordinates - body fixed system with

the 3-axis being the spin axis.

Coning (or torque-free precession) of spin stabilized
spacecraft, commencing abruptly at last stage burnout has

i equently been observed and often attributed to a mysterious
"burnout impulse." It will be shown here how thrust

misalignment, present throughout the burn; may be the real
culprit. '
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Thomsonl presents equations of motion for a spinning rocket
which include the effects of jet damping and inertia changes,.
For a symmetric rocket and a purely transverse thrust misalign-
ment torque whose direction defines the body l-axis, these are

of the form ©

Ipw.=M+(IP-IR)w3wZ—o( W, (i)
- [
e RIS 1p®z= ‘(IP'IR)“hO%"NLUz (2)
T ws = -pWws (3)

When applying these equations to practical cases of spin

stabilized last stage firings o is positivez, and quasi-steady
state behavior is found. Wy increases or decreases slightly
during the burn, depending on the sign of /3 , but is nearly a
constant of the motion, and after initial transient

(J,; and W, settle down to nearly constant values.}

Thus the system angular velocity vector in the rotating frame

iocomes essentially constant, and it follows that it is also

tixed inertially since, using Symon's3 notation,

A\;{; ROoLUT KT d g d* — - -
CLMALL OMEGAS ) T W EFFwtrtwxw = 0.
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Now, for a symmetric body, the 3-axis, W , and H are

coplanar and we have 2
(0l+w, )
i 2
tan 6, = (4)
Wj
0T - ‘ : ‘
o 2 z2\'/2 : )
ﬁ To(w’ w, ? |
\ Tan ez = £ _
I ws | ]
Ie
= 3 tan ©, (s)
® .
» where ), and W, are
calculated from equations (1) and (2) with W,= W, = 0.
By Ly SRR - e @
TIRGA i Looking now down the,vector, one would see the tips of
the spin axis and the momentum vector moving in circles whose §
radii might be represented by €©, and(6,-8)respectively as shown 'i
in Figure 1.
ffﬁtg Now if I;»IR , which is often the case, © , is much

smaller than eg'so the spin axis motion during the burn is
quite limited. At burnout4 however, the momentum vector stops in
space and torque-free precession of the spin about it bégins
(see Figure 2).

This is the coning which could be erroneously attributed
to a "burnout impulse.'" It is interesting to note that thrust
misalignment can change the final spacecraft attitude

significantly while leaving rocket performance very nearly nominal.
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*Thomson, W. T., Introduction to Space Dynamics (John Wiley &
SonsJ Inc ., New York, 19617; page 225,

T e e et e e

2In many pract1ca1 cases,cx Nﬁﬁ where M is the mass flow rate,

and . is the distance from the center of mass to the end of the
rocket nozzle.

OS\mon, K. R., Mechanics (Addison-Wesley Publishing Company, Inc.,
Reading, Massacﬁusetts, 1961), 2nd ed., page 276. ‘

iThe construction presented assumes instantaneous burnout. A
finite thrust decay results in a decrease of the cone angle,
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Fig. 1. Motion during burn

Fig. 2, Motion after burnout
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